Introduction
Legionellae are aquatic bacteria that got their name from the first major outbreak of infection in 1976 at a veterans' meeting of the American Legion. 1 The most severe legionellosis, the so-called Legionnaires' disease (a severe form of pneumonia), is triggered by Legionella pneumophila when the pathogen enters the lungs through aerosols. It is estimated that this leads to 1500-30 000 cases of pneumonia per year in Germany alone. 2 The so-called Pontiac fever is a milder form of infection, but it has a 10-100 times higher prevalence. 3 The total number of Legionella infections in Germany, therefore, may be in the range of several hundred thousand cases per year, which is quite a high infection rate considering the German population of approximately 80 million people. Hospitals and care facilities account for only about 4% of these cases, but the lethal progressions are 3-5 times higher than in other cases. 4 Important risk factors are a weakened immune system and an age of more than 50 years, which facilitate infection by inhaled aerosols during showering or drinking or when washing surgical wounds. 5 Due to the multitude of cases and the severity of the possible consequences, new ways are being sought to reduce Legionella in water systems. Unfortunately, the pathogens live in biofilms inside drinking water systems where they are difficult to control with chemical disinfectants or heat. Therefore, it is almost impossible to eliminate Legionella entirely. Recent developments in ultraviolet (UV) and violet LEDs have led to new investigations into their effects on Legionella and opened up new disinfection applications, which appear to be particularly promising for Legionella disinfection.
Effects and Applications of Light on Legionellae

Ultraviolet Irradiation
The application of UV radiation, especially the so-called UV-C part of the UV spectrum (UV-C: wavelength 200-280 nm), efficiently disinfects; this has been known for more than 100 years. 6 Its mechanism is based on the destruction of the DNA of undesired microorganisms. 7 In Schmid et al study, 8 bacterial solutions containing Legionella rubrilucens were spread on buffered charcoal yeast extract agar and exposed to 254 nm UV-C radiation from a mercury vapor lamp. Successful disinfection was verified by counting Legionella colonies after incubation and comparing the number of colonies on irradiated agar plates with those on unirradiated reference plates. The obtained result is presented in Figure 1 . 8 On average, a UV-C dose of 1.1 mJ/ cm 2 reduces the bacterial count by 90%, which is consistent with the results of two previous studies on other species
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Violet Irradiation
UV LEDs are ideal as a point-of-use disinfection system when small amounts of water must be disinfected in the shortest possible time. They will become increasingly important for point-of-use disinfection systems in the future. However, they also have properties that make them less suitable for other applications. These disadvantages include the still relatively high costs of LED, the low penetration depth of about 10 cm or less even in pure water, and the potential endangerment to human cells or even some sensitive technical materials. Thus, they are less appropriate for disinfection in small tanks. Fortunately, however, there is another disinfection approach available for some other areas of application.
The disinfecting effects of visible violet light with a wavelength around 405 nm are largely unknown, even among experts. Violet 405-nm light is absorbed in bacteria by so-called endogenous photosensitizers such as porphyrins and leads to the formation of radicals that destroy the bacteria from within. So far, this effect has been confirmed for about 50 bacterial strains. 11 Figure 3 shows the world's first investigation of the effect of violet 405-nm light on Legionella (L. rubrilucens), 12 which proved that Legionellae are also killed by this visible light. The average dose for a 90% reduction with 405-nm light is about 25 J/ cm 2 . This means that Legionellae are also quite sensitive to visible light, and their sensitivity is even higher compared to that of other bacteria as reported in the literature. Observed photoinactivation doses are 75.6 J /cm² for E. coli, 35.9 J/cm 2 for S. aureus, and 96 J/cm 2 for S. faecalis for a 90% reduction. 11 Notably, the necessary doses of radiation are considerably higher than for UV-C radiation -about 4 orders of magnitude -and are, therefore, not reached in fractions of a second. Thus, visible violet light is not suitable for a pointof-use disinfection system in shower heads or water taps. Violet LEDs, however, are inexpensive, energy-efficient, offer a penetration depth of several meters in water, and provide radiation that is usually harmless to human tissue and many technical materials. For this reason, there are useful fields of application wherever longer irradiation periods are possible, such as in tanks or in the water dispenser illustrated in Figure 4 . 
Conclusion
If the annual infection figures from Germany were extrapolated to the whole world, this would result in many millions of Legionella infections every year. Therefore, new water disinfection approaches are urgently needed. The current basic research on L. rubrilucens that is in agreement with the published complementary results of other authors reveals that Legionellae seem to be very sensitive to UV-C irradiation and to visible violet light. The combination of new high intensity UV-C LEDs with new highly efficient, low-cost violet LEDs offers an opportunity to integrate small Legionella control measures within existing water networks or other water-containing systems. Probably one of the most important actions would be to equip the shower heads in hospitals and care facilities with powerful UV-C-LEDs in order to protect their especially endangered immune-compromised inhabitants.
